2 jm D3C. 19k2 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 



ORIGINALLY ISSUED 

Dece nber 19^2 as 
Ar^vance Eestricted Report 



STRENGTO TESTS OF THIK-WALL TRUNCATED CONES 

OF CIECULAE SECTION 
By Eugene E. Lundquist and Evan H. Schuette 



Langley Memorial Aeronautical La"boratory 
Langley Field, Va. 



REPRODUCED BY 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U.S. DEPARTMENT OF COMMERCE 
SPRINGFIELD, VA. 22161 



^ NACA 




WASHINGTON 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - UU2 



ilATIOISrAL ADVISORY COMMITTEE FOR AERONAUTICS 



AD7A1TCE RESTRICTED REPORT 



STREKG-TH TESTS 0? TEIIT-WALL TRUNCATED CONES 

OP CIRCULAR SECTION 
By Eugene E. Lundqnist and Svpn H. Sch-aette 

SUMMARY 



The ends of thin-wnH truncated cones of circular 
section rere clamoed to rigid "bulkheads and the. cones 
subjected to strength tests. The results from torsion 
tests of five, compression tests of three, and tests in 
coruDined transverse shear and Dending of 18 truncated 
cones are given herein. The results of the tests are 
correlated with the previously published results of cor- 
responding tests of circular cylinders ana are presented 
in charts suitahle for us© in Q. e s i ^ n • 

INTRODUCTION 



The strene:th of thin-wall cylinders has oeen under 
investigation hy the National Advisory Committee for Aero- 
nautics for a numher of yeprs. Previous papers have given 
the results of various strength te^ts of thin-wall cylin- 
ders of circular and elliptic section. 

Because monocoque fuselages usually have some taper, 
tests were also maae to determine the strength of thin- 
wall truncated cones of circular section in torsion, com- 
pression, and combined transverse cijhear and hending. A 
preliminary summary of the results is si^en in reference 1. 
The present report gives these data in further detail and 
with greatur attention to the conclusions- 



MATERIAL 



The 1?S-T aluminum alloy used in these tests was ob- 
tained in sheet form with nominal thicknesses of 0.011, 
0.016, and 0.022 inch. The properties of this material 



2 



as determined by thb IJational Burean of Standards from 
specimens selected at random are given in reference 2. 
Because all the test cones failed "b^ elastic buckling of 
the walls at stresocs considerably below the yield-point 
stress* the modulus of elasticity E, ^vhich was substan- 
tially constant for ell sheet thici:nesses , is the only 
property of the material that need be considered. For 
all sheet material used in these tests, an average v^?lue 
for E of 10.4 X 10 pounds per sqiiare inch was used in 
the analysis of the results. 

SPSCIM3NS 



The test speciiaens W(:^re tr'oncaied cones ?.5 inches 
long with end radii of 6.0 and 7.5 inches. (See fig. 1.) 
The taper of the cones was selected to agree roughly with 
the taper of a monocooue fuselage. The cones were con- 
structed in the follorving manner: An aluminum- alloy sheet 
was first cut to the dimensions of the developed surface. 
The sheet was then rrrapped about and clamped to end bulk- 
heads. When the truncated cone was thus assembled, a 
butt strap 1 inch wide and of the same thickness as the 
sheet was fitted, drilled, and bolted in place to close 
the seam. In the assembly of the specimen, care was taken 
to avoid having either a looseness of the skin or wrinkles 
in the walls when finally constructed. 

Each of the end bulkheads, to which the loads were 
applied, was constructed of tv/o steel plates -J inch .thick, 
separated by a plywood core 1^ inches tnick. These parts 
were bolted together and turned to the specified outside 
diameter. Steel bands approximately -l-inch thick and ma- 
chined to the same diameter as the bulkheads were used to 
clamp the aluminum-alloy sheet to the bulkheads. In or- 
der to keep the bands from sliding parallel to the axis 
of the cone, a tongue and groove was provided between the 
bulkhead and the band. 



APPARATUS AND METHOD 



The thickness of each sheet was measured to an esti- 
mated precision of ±0.000o inch at a large number of sta- 
tions by a dial ^bage i.-ounted in a special jig. In general, 
the variation in thickness throughout a given sheet was 
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not ruore than 2 rjorcent of tho average thickness. The 
average thicknesses of the sheets were used in all calcLi- 
lations of r ad iij s- t h ickiie s s ratio and stress. 

The loads were applied to the truncated cones v;ith 
the same apparatus as thst used in the corresponding^ tests 
of circular cylinders. Descriptions and photographs of 
the apparatus used in the torsion, compression, and com- 
"bined transverse shear and bending tests are given in ref- 
erences 2 J 3, and 4, respectively. 

In all cases loads \Yere apclied in increments of 1 
percent of the estimated load at failure. 



DISCUSSICj^T of EE3ULTS 



From the photographs of figures 2, «i , and 4, it will 
"be noted that failure always occnrs over a large area, of 
the cone wall and not at some particular station hetween 
bulkheads. The symbols appearing in figure 4 will be de- 
fined later in tnis report. The properties of the cone 
and hence the computed stresses for any loading condition 
vary from point to point along the cone. Thus, in the 
presentation of the test results for each of the loading 
conditions coxisidered, a curve is drawn that describes the 
stress condition throughout the full length of the trun- 
cat ed cone. 

Torsion 

The shear stress at failure fg in the r)lane of the 
skin at anj^ station is assumed to be given by the formula 

<o 1 1 r o 

where 

T applied torque at failure 

r radius at the particular station 

t thick n e s s 

At the large end of the cone, where the radius is t 
the value of f c. is designated fg « Tnen, it follows 
from equation (l) that 



(2) 



Results of the torsion te^r^ts are presented in figure 
5, which is the same type of fi^iure as thr-^t -ased by Donnell 
(reference 5) to present torsion data on circiilar cylinders. 
In this figure, \x is Po^sson*s ratio for the material. 
The data for each trv.ncated cone tested are represented "by 
a short line that describes the variation of stress along 
the length of the cone according to equation {2). The re- 
sults of torsion tests of circular cylinders, taken from 
reference 2, are also plotted in figure 5. 

The lines r e^or es ent ing the truncated cones in figure 
5 lie across the band of points representing the circular 
cylinders. The ends of the lines marked v/ith large cir- 
clesf representing the large ends of the truncated cones» 
lie apior oximat ely along the cu.rve that has been recommended 
in reference 5 for design of circular cylinders v/ith clamped 
edges. If the torsional strength of a circular cylinder is 
assumed to be established by this cu.rve, the shear stress 
at failure fg^ at the If.rge end of a truncated cone in 
torsion is equal to the shear stress at failure for a cir- 
cular cylinder of this radius and of the same length as 
the truncated cone. The shear stress at failure for any 
other station along the length of the truncated cone is 
then given by equation (2). 



Coinpr e s s i on 

The compressive stress at failure f , directed along 
the conical surface, is assumed tobegivenby 



f^ = sec a 

^ 2rrt 

where P is the applied compressive load and a is the 
angle between the axis of the cone and the longitudinal 
elements of the surface. At the largo end of the cone 
where the radius is r^, the value of fc ^^^Y desig- 
nated f,3 . It then follows from equation (3) that 



(4) 
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Results of the comr^res sion teotc are presented in 
fig-u.re 6, v/hich is the same tyr-e of fi^^ure as that used 
in reference 3 to present compression data on circular 
cylinders. The data for each truncated cone tested are 
represented hy a short line that describes the variation 
of stress along the length of the cone according to equa- 
tion (4), The results of compression tests of circular 
cylinders, taken frorr reference 6, are also plotted in 
f igur e 6, 

The lines r e'O r e s en t ing the truncated cones in figure 
5 lie essentially parallel to the hand of points represent- 
ing the circular cylinders. Conseouent ly , if the strength 
of the truncated cone is to he co^nputed, for purposes of 
design, on the "basis of an equivalent cylinder, either end 
of the truncated core ?:iay "be selected. The assumption that 
the compressive stress at failure f^-^ at the large end 
of a truncated cone is equal to the compressive stress at 
failure for a circular cylinder of this radius and the same 
thickness as the wail of the truncated cone is, however, 
somewhat conservative. The compressive stress at failure 
for any other station along the length of the cone is given 
hy equat ion (4) . 



Comoined Transverse Shear f^nd Bending 

The maximum "bending stress at failure f-^ in the 
plane of the skin at any station is assumed to he given 
by the formula 

fv = ~seca - s e c a ( 5 ) 

I Tr't 

where lA is the applied moment at failure and I is the 
m-Oxiient of inertia of the cross section at any station, 
TTr t. The maximum shear stress at failure fy in the 
plane of the skin at any station is assumed to he given 
hv the formula 

f . III! . (6) 
where ^ I rrrt 

V effective shear at failure (V - 7^^ ) 

V applied transverse shear 

Vfe shear resisted hy bending stresses 

r 

Equations (5) and (o) are derived in appendix A. . 
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For the Riialvsis and the or e^ijantat ion of data on com- 
hined transverse shear and bending, a parameter is desired 
that is descriDtive of a definite loading condition as well 
as a definite stress condition for the specimen in the same 
manner that torsion or compression is descriptive of def- 
inite loading and stress conditions. S^ach a parameter is 
obtained if eouation (5) is divided by eq-aation (o). Thus 



fv 



M 



rV 



sec a 



(7) 



M 



The term -1- sec a is, -ohysically, the distance along 
rV» 

an e] ement of the cone from the section under investiga- 
tion to the plane perpendicular to the axis of the cone 
in which the resultant shear force V acts» e^rpressed in 
terms of the radius of the cone at the plane of this re- 
sultant shear force. In order to show that this interpre- 
tation of Jl- sec a is correct, reference may be made to 
rV' 

figure 7. At station x, the moment M = V(h-x). From 

M tan a 

the definitions that follow equation (6), V' = V - 



Substitution of these valu.^s for 
hand side of equation (7) gives 



" rV - V(li-x) tan a 



and in the right- 

(8) 



(h-x) sec a 
r - (h-x) tan a 

To 

Thus, a rt ic^xlar value of ~- sec a is descriptive of 

rV ' 

a definite loading condition as well as of a definite 
stress condition. In the analysis of the results of the 
tests, the variation of the stresses at failure with 

sec a is studied. . 

rV» 

Results of the tests in combined shear and bending 

are given in figure 3, which is similar to the figure used 



(9) 
(10) 
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in reference 4 to present data for thin-wall circular cyl- 
inders in coin'bined transverse sliear and bending. The data 
for each trancated cone tested are represented hy a line 
that describes the variation of "bending stress in terms of 
the ixiodixius of elasticity- S and the ratio t/r along an 
element of the cone. An inspection of this li^'ure and of 
the photographs of the types of failure (fi^^. 4) reveals 
a transition from a shear type of failure at small valLies 

of -~ sec a to a "bending type of failure at large values 
rV 

M 

of sec a. In the follo'ving discussion separate con- 

rV» 

sideration will "be given "bending failure, snoar failure, 

and the transition from "bending to sliear failure. 

Bending failure (,a.arge values of sec a).- At 



large values of _^*:_ sec a, failure occurs "by a sudden 

rV » 

collapse of the outermost compression fj. "bers in the same 
manner as in the pur e-'ijending tests of circular cylinders 
reported in reference 6. It is therefore reasonable to 
suppose that, at these values, the "bending strength of a 
truncated cone slioiild be comparable to the strength of a 
cylinder of some sim.ilar dimensions in pure bending. 

For comparison of the ^resent results with the res'ults 
of the pure-bending tests of circular cylinders reported 
in reference 6, lines a and b have been drawn on figure 
8 representing the upper and lower limits of the strength 
in pure bending of circular cylinders. Those limiting val- 
ues represent the dispersion of the results of the pure- 
bending tests of cylinders and were obtained from figure 5 

f , 

of reference 6. Use of the expression — £ £ as ordinate 

E t 

in figure 8 makes the location of the limiting lines a 
and b independent of r/t , provided the maximum bending 
stress at failure in pure bending is given by an equation 
of the type 

Sx. = kE t (11) 
r 

where k is a coefficient, the variation of which describes 
the scatter of test data. The lines a and b in figure 8 
simply represent the limiting values of this coefficient. 
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Equation (11) may "be considered valid over the small range 
of values of r/ t represented by the truncated cones 
tested. Hence the lines a and b should represent rea- 
sonably well the conditions for bending* failure over the 
full length of a truncated cone. The condition of pure 
bending for a truncated cone is, from considerations of 
internal stresses (V^ - 0), given by a transverse shear 
force Y located at the apex of the cone. Figure 8 shows 
that the test results represented by the bending- st res s 
diagrams lie between lines a and b at large values of 

sec a. 

rV» 

Shear failure (small values of sec a).- At 
rY* ■ ■ 

small values of Jl- sec a, failure occurs in shear by 

rV« ^ 
the formation of diagonal shear wrinkles on the sides of • 
the cones. (See fig. 4.) It is therefore reasonable to 
suppose that, at these values, the shear strength of a 
thin-wall truncated cone should be closely related to the 
strength of a truncated cone of the same dimensions in 
torsion (pure shear). 

For comparison with the results of the torsion tests 
included in the present paoer, lines c and d have been 
drawn in figure 8 representing the strength in pure shear 
for the small and for the large ends of a cone, respec- 
tively. These lines were obtained by plotting the equation 

sec a (12) 

E t E t rV' 

Equation (12) is obtained from equation (?) by trans-- 

1 r 

posing terms, multiplying by 7-, and substituting Ss 

for fy, where Sg is the shear stress?: at failure for a 

truncated cone of the same dimensions in torsion. The g 

lines c and d in figure 8 represent the values of - 

E t 

determined from figure 5 for the two ends of the truncated 
cones of the same thickness as the cones tested in combined 
transverse shear and bending. 

For low values of sec GC, the bending- stress di- 

rV ' 

agrams lie above lines c and d. This fact indicates 

that the transverse shear stress on the neutral axis at 
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failure is higher than the shear stress at failure in tor- 
sion. The relation determined for circular cylinders in 
combined transverse shear and tending (reference 4) can be 
Used to take account of this difference. If Sy the 
shear stress on the neutral axis at failure in pure trans- 
~f verse shear and is the shear stress at failure for a 

cone of the same dimensions in torsion, Sy ^^^^ Ss 
be related by the approximate equation 

- 1.25 S3 (13) 

Transition from shear to bonding failure ( int erm.ediat e 

values of _.M_ sec a).- i'iguros 4 and 3 reveal that the 
r V * 

transition from shear to b^^nding failure is not so abrupt 
as the intersections of lines a v/ith c and b with d 

indicate. At the intermediate values of sec cc, the 

rV 

transition from failure by shear to failure by bending is 
accompanied by a reduction in strength that is of the same 
order of magnitude as the c or r e so ondi ng reduction for thin- 
wall cylinders in combined transverse shear and bending. 
(See reference 4.) An analysis similar to that used for 
thin-wail cylinders reveals that the design chart "oresented 
in figure 8 of reference 4 also applies to thin-wall trun- 
cated cones in combined transverse shear and bending if 

~ is reolaced by — M._ ^x. This design chart is iDre- 

rV ■ r'V ' 

sented in figure S of the present report. 

In figure 8 the two lines e and f were obtained 

3-. 

from figure 9, in one case the value of _£ corresponding 

Sv 

to lines a and c being used and in the other caoe the 
S> 

value of -~£ corresponding to lines b and d. InsTDec- 
Sv 

tion of the figure indicates that these two curves repre- 
sent reasonably well the limits of the experimental data 
plotted. 

In order "O 0 use the curves of figure 9 in design, it 

is necessary to know the loading condition _M._ sec a anrl 

rV^ 

to be able to r)redict the values of Sv ^'^'^^ Sn fox the 
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cone. The value of — M_ sec a is established by the di- 

tensions of the tr^incated corxe and the e^iternal lo-^ds. 
The allowable stress in transverse shear Sv depends iipon 
the allowable stress in torsion, that isi p^are shear, ac- 
cording to eq^Iation (li5). In the absence of test data on 
the strength of truncated cones in pure bending, the value 
of Sb to be Used should be based upon test data for thin- 
wall cylinders of con.parable r/t ratio in pure bending. 
Such data are contained in reference 6. These data scat- 
ter widely and some Judgment nust therefore be exercised 
in the selection of a valine for Sb- 

If the three quantities _M:_ sec a, Sv » ^'^^ Sv are 

rV» ^ 
knovjn, the maximum ElloT^able monient or the bending stress 
on the extreme fiber can be read from the chart of figure 
S as a percentaj^'e of the value for ptire bending. The 
strength in shear, then, need not be investigated because 
its effect has been taken into account by a reduced bend- 
ing strength. 

When the strength of any section between adjacent 
bulkheads is to be checked, the largest absolute value of 
M 

~~ sec a should be used to enter the chart of figure 9 
rV * 

whenever sec a lies between -esc a and +oo. For 

values of sec a between -esc a and — the low- 

r7» 

est absolute value should be ii^ed. TLis procedure gives 
conservative values and may be verified from appendix B. 



COITCLUSIOIIS 



The strength of thin-wall truncated cones may be com- 
puted by the formulas used for thin- wall cylinders, if 
proper account is taken of tne angle a between the ele- 
ments and the axis of the cone. For cylinders, a - 0. 

In the tests reported herein, a = tan - . The follow- 
ing conclusions may therefore be considered valid provided 

^1 ( 1) 

that a does not exceed tan ^5^: 

Torsion.- For torsion, the shear stress fg in the 
plane of the slrin at any station is given by the formula 
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where 

T a-cplied torque 

-1-1 

^ r radius at the prrticvlar station 

t thickness 

The shear stress at leil'-.re fc; -it the large end of a 
truncated cone in torsion is equal to the shear stress at 
failure for a circular cylinder of this radius and the 
same len^ith as the truncated cone. The shear stress at 
failure for any other stat:on along the length of the 
truncated cone is given by tile formula 

/ r. 



where r^ is the radius at t;:.\e large end of the cone. 

Compre ssion.- On the ap, sur.rot ion that the internal 
compr OS's Tve' Tares' s fc actc in tho direction of the 
tie u 0 u\j , 

f - s^c a 

^ 2TTrt 



where P is the applied c oriiTD r o s s i v c load. The compres- 
sive stress at failure at the Irrge end of a trun- 
cated cone is equal to the compressive stress at failure 
for a circu.lar cylinder of this radius and of the same 
thickness as tne wall of the truncated cone. The compres 
sive stress at failure for any other station along the 
length of the cone is given "by the formula 




C pjLbined_.V£??^.i';sv.^ I f the bend- 
ing strosse-. are assumed to act in the direction of tho 

elements, a portion of the transverse shear V is resisted 

hy the "bending .stresses. A moment M on a truncated cone 

of circular cross section reduces the r.hear by an amount 
Y-^ where 

_ M ta n g 

V b ~ ' 

r 
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In combined, transverse shear and "bending, the effective 
shear V* is, therefore, 



^ V - 

The effective transverse shear causes a shear stress 
in the plane of the s^in at the neutral axis that is 
"by the lormuxa 



V 



rrr t 



fv 

{riven 



The bending- stress f-^ in the plane of the skin at any 
station is given by the formula 



" sec a 
nr'' t 

jTor large values of s2c a, failure occurs in 

bending. For small values of Jl.. sec a, failure occurs 

in shear. ITor intermediato values of -M._ sec a, the 

rV» 

failure is a combination of sbear and bending. The allow- 
able strength in combined transverse shear and bending is 
given by a design chart similar to that previously pub- 
lished for thin-wall circular cylinders. 



Langley Memorial Aeronautical Laboratory, 

national Advisory Committee for Aeronautics, 
Lang ley Field, Va. 



APPENDIX A 



BSlTDIiJa Am SHEAE STESSGIiS IIT A COi« 



The relations between the internal stress and the ap- 
plied forces in a tapered beam aru slightl}^ different from 
the corresponding relations for a uniform beam. In this 
appendi;:, formulas for the bending and shearing stresses 
due to the application of a single transverse force on a 
hollow circular cone are derived. 



13 



Figure 10 shows a truncated cone of constant wall 
thickness wioh the large end fixed jn position and with a 
transverse force V applied at the small end. At any 
typical station, the Jiean raditis of the cone is r. 

The a s s'^Ainp t i ons are: 

1. Bendirg stresses are directed along the surface 

of the cone toward the apex 

2. Bending stresses ar^:^ proportional to the distance 

from the neutral a::is, as in the ordinary the- 
ory of bending 

3. Shear stresses are directed parallel to the sur- 

face of the cone 

?§.i±^l£lS._s,t^£.^2s,e s^- An element of area of the cross 
section rt d9 located at an angle 1 measured from the 
neutral axis, as shown in fi^/ire 10, is considered. By 
assumption 2, tha stress on the element is f^ sin 9, 
where f-^^ is the stress on the extreme fiber. The force 
dF on this element isi therefore, 

dF - (f sin e ) rt d9 ( Al) 

The moment of dF about the neutral axis is 

dM = (cos a)(r sin ^)(fo sin 9) rt d9 (A2) 

The total moment k is obtained by integration around 
the circumference of the cone. Thus, 

rrr 
r 

M = f-b^^t cos a J sin" 9 d9 

= f-^Tir" t cos a (A3) 

Thus, the bending stress fb "t the extreme fiber in terms 
of the applied bending moment M i s 

^0 ^ — o " — sec a (A4) 

■nr" t c 0 s a I 



where I is the no-.ent of inertia of the cross section 
at any station and equals nr' t. 
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s e S'rom the assumption that the "bend- 
ing- stresses are directed along the surface of the cone 
toward the aoex, it fo-.lows that the banding stresses 
have a component in the direction of the shear force V. 
Tiais component resists a part of the shear force V and 
therefore reduces the shear strosS'«. s. 

The shear force resisted "by the Donding force d? 
in an element of the cone is 

(sin a sin 9) d? 

(sin a sin e)(f-H sin e) rt d H (A5) 




The total shear resisted "by the bending' stresses is oh- 
tained "by integration around the c ir curaf er eiice of the 
coiie. Thus, 

\\ ^ f V rt sin a / sin 8 d 9 



h D 



f^ Tirt sin a (A6) 



Substitution of the value of 
eauation (Ao) gives 

•tr- - M tan a 

V h ~ 



^ from eouation (A4) in 

(A7) 



The effective shear V that causes she^^r stresses in 

the walls of the cone is therefore the total ain plied 

shear V niinus the shear resisted by the bending stresses 



that is 



7' 



Vb 



(A8) 



In order to determine the shear stresses in a cone, 
the part element of a cone sho?7n iii fi^jure 11 is consid- 
ered. The X- c oraponent s of the forces due to bending are, 
atstationx, 



TT /2 



= r 



1-^ sin 9 c 0 s a rt d 0 



(A9) 



and, at station x -r dx, 
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Tt/2 

r d f ^ 

(^'•u) ^ / (f.^ + — ^ dx) sin 0 cos a (r + 9lL dx)t de 

^ x+d-s ;g ^ dx 

(AlO) 



By virtue of s;y'inmetry the sliear stress at the extren-e 
fi'Der is zero. The x- c orap onont of forcu due to shear is 
ther ef or e 

(r^)g ^ *^^v'^9 ^ ^"^^ ^ (All) 

The equation of oqu i 1 ior iuua for the forces in the x-dircc- 
tiori is therefore, if terms of hij__,her order are neglected, 

(f^) <^ec a / ."il?. sin 9 r d9 + T fv sin n ^£ d 9 = 0 
e .ig dx .^/^ dx 



from which 



(A12) 



(f^J - --cos a cos " i r + f-^ ±L] (a13) 

e v dx dx>' 

By dif ferentiet ion of equation (A4) , 



D ^ ax ax 

dx Tr^ t cos a rir^'t cos a 



U14) 



At station x, the moment = V(h - x) . Therefore 



Al so 



^ = -V (A15) 
ax 



= -tan a (A16) 

dx 



Substitution of equations (A14) , (a15), and (A16) in 
equation (Al^O giv^s 



■J I 



'i- cos 9 (A17 
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The maximum shear stress iv> which occurs at the neutral axis, 
is ^iven by the formula 

= -11 IL^lI (A18) 

nrt I 



APPENDIX B 



EPyECT 0? VARIATION I!T THE POIiTT OF APPLICATION OP 
THE SHEAR ?OE.CE ON THE LENDING STRESSES IN A CONE 

Beiidin^- stress diagrams for cones in comhined trans- 

M 

verse sheer and "bending for ^vhich the value of sec a 

rV 

is positive are shown in figure 8. Reference to figure 7 
and equation (10) shows, however, that the quantity 
M 

pyT sec a can also have negative values. These negative 

values occur when the resultant sheor force 7 is located 
either to the right of -ohe apex of the cone (negative r^) 
or to tne left of station x, the section at which bend- 
ing stress is determined (negative s). 

A diagram similar to that of figure 8 hut including 

the negative values of J^^ sec a is shown in figure 12. 

A levv hypothetical b end ing- st r e s s dir.grams for cones of 
the type studied in this paper are r^lotted in figure 12 
to indicate their shapes. The boundary lines correspond 
to the two lines e and f used in figure 8 to represent 
the scatter of test: data. 

Three distinct regions can be defined in figure 12* 

The region in which -M- sec a varies from 0 to +oo 

rV 

is the same as that shown in figure 8 and corresponds to 
a variation in the location of the resultant shear force 
from station x to the apex of the cone. As the shear 
force mover, from the apex out to infinity on the right, 
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M / 
" — sec a varies iroin to a val^je of -esc a (m 

rV ^ 

this case, -5.1) and defines the left-hand rew-;ion of figure 
12, in r/hich the "bending strecses ^^re shov:n as positive. 
As the shear force luovon to the left from station x to 

infinity, sec a varies from C to -esc a and de- 

rY» 

fines the re^^.'ion in fi^'ure l;j in which the "bendin.?; stresses 
are shovrn as negative. The pv r e- bendin{r condition, for 
which the effective shear is eoual to zero, is ob- 

tained ov placing the resultant slioar force V at the apex 

of the cone; that isi s-ic a 
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Figure I. -5ide view of test specimen, 
h 
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Figure 7. - 5ketch of cone and resultant shedr force. 




FiaunE 2. • Truncated cone after 

FAILURE IN TORSION. 




Figure 4.- Truncated cones after 

failure in combined 
transverse shear ajid bending, 
showing transition from shear to 
bending failure a8(M/rV') sec a 
varies from small to large values « 
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Figure 5. "Shear stress at failure fs for truncatQd cones in 

fig. I , reference 5 ; data -for circular cylinders from reference i) 
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Figure 6.- Plot of fc/E against r/t for truncated cones in 
compression. (Data for circular cylinders obtained 
from reference 5.) 
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F/qure 8.- Bendin^^-5tres5 diagrams for truncated cones in combined transverse 
shear and bending. (Lines q nnd b obtained from fig. 5, reference (b. ) 
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Figure 9.- Chart for bending strength of thin-walled truncated cones in combined 
transverse ahear and bending. (5ee fig. 6, reference 4.) 
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Figure II.- Part element of a cone, show- 
ing longitudinal stresses due to 
shear and bending. 
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Figure 12- ^trenqth of thin-walled truncated cones in combined transverse shear and bending, n 
for various positions of the resultant shear force. ^ 



